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(57) ABSTRACT

A nonvolatile semiconductor memory device comprising a
storage element which is programmed with information by
varying electrical properties irreversibly, a selection switch
connected in series to the storage element, a protection
element connected in parallel to the storage element to
protect the storage element from irreversible variations of
electrical properties when the storage element is unpro-
grammed, a first activation circuit which activates the selec-
tion switch, a second activation circuit which activates the
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NONVOLATILE SEMICONDUCTOR MEMORY
DEVICE USING IRREVERSIBLE STORAGE
ELEMENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from prior Japanese Patent Application
No. 2004-366446, filed Dec. 17, 2004, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a nonvolatile semi-
conductor memory device. More specifically, the invention
relates to a one-time programmable (OTP) memory using
irreversible storage elements to which information can be
written only once.

[0004] 2. Description of the Related Art

[0005] Recently, an OTP memory using storage elements
of an insulating film breakdown type, such as an electrical-
fuse element (e-fuse element) and an anti-fuse element, has
been proposed as an irreversible storage element. The OTP
memory stores information by applying a high voltage that
exceeds the maximum rating to a semiconductor element
having a metal oxide semiconductor (MOS) structure as an
irreversible storage element and electrically breaking a gate
insulating film of the semiconductor element. The OTP
memory using the e-fuse element as a storage element is
used to store information “0” in the e-fuse element whose
insulating film has not been broken and information “1” in
the e-fuse element whose insulating film has been broken.
The OTP memory is also used to store information for
replacing a defective element with a dynamic random access
memory (DRAM) or the like.

[0006] Conventionally, an OTP memory using an optical-
fuse element whose storage node is broken by laser beams
as a storage element has been often used. The e-fuse element
has originally been used as an alternative to the optical-fuse
element. The following example has been proposed: one
storage cell is configured for each e-fuse element to include
a sense circuit for reading information and a latch circuit for
latching the information. See, for example, H. Ito et al.,
“Pure CMOS One-Time Programmable Memory using
Gate-Ox Anti-Fuse,” Proceedings of the IEEE 2004 Custom
Integrated Circuits Conference, pp. 469-472.

[0007] The OTP memory using the e-fuse element as a
storage element is a nonvolatile semiconductor memory
device to which information cannot be rewritten. It has the
problem that it cannot easily be tested like the OTP memory
using the optical-fuse element as a storage element. The
e-fuse element is a storage element to which information can
be written only once by varying electrical properties irre-
versibly. The OTP memory therefore has the following
problem. Neither a test on whether information can correctly
be read out of the e-fuse element nor a test on whether
information can correctly be written to the e-fuse element
can be conducted by actually writing information to the
e-fuse element.

[0008] The OTP memory has also the following problem.
The amount of information of the e-fuse element (a differ-
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ence in resistance between the e-fuse element whose gate
insulating film has been broken and the e-fuse element
whose gate insulating film has not been broken) is easy to
reduce because a high voltage in write mode is applied to the
nonselected (unprogrammed).

[0009] As described above, the OTP memory using an
irreversible storage element, especially the OTP memory
using the e-fuse element as a storage element has pursued an
effective method of preventing the amount of information
from decreasing and conducting a test on whether informa-
tion can be read from/written to a storage element without
writing information to the storage element actually.

BRIEF SUMMARY OF THE INVENTION

[0010] According to a first aspect of the present invention,
there is provided a nonvolatile semiconductor memory
device comprising: a storage element which is programmed
with information by varying electrical properties irrevers-
ibly; a selection switch connected in series to the storage
element; a protection element connected in parallel to the
storage element to protect the storage element from irre-
versible variations of electrical properties when the storage
element is unprogrammed; a first activation circuit which
activates the selection switch; a second activation circuit
which activates the protection element in complement with
the first activation circuit in normal mode; and a test circuit
which conducts a test on the storage element while the
second activation circuit is activating the protection element
together with the first activation circuit in test mode.

[0011] According to a second aspect of the present inven-
tion, there is provided a nonvolatile semiconductor memory
device comprising: a cell array including a plurality of
storage cells arranged in matrix, each of the storage cells
having a storage element which is programmed with infor-
mation by varying electrical properties irreversibly, a selec-
tion switch connected in series to the storage element, and
a protection element connected in parallel to the storage
element to protect the storage element from irreversible
variations of electrical properties when the storage element
is programmed; a row selection control circuit which acti-
vates row selection lines to each of which a given number of
storage cells are connected; a first activation circuit which
activates the selection switch of the given number of storage
cells connected to each of the row selection lines activated
by the row selection control circuit; a second activation
circuit which activates the protection elements in comple-
ment with the first activation circuit in normal mode; and a
test circuit which conducts a test on the storage element of
each of the given number of storage cells connected to each
of the row selection lines while the second activation circuit
is activating the protection elements together with the first
activation circuit in test mode.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0012] FIG. 1 is a block diagram of an OTP memory
according to a first embodiment of the present invention;

[0013] FIG. 2 is a circuit arrangement of the principal part
of the OTP memory shown in FIG. 1;

[0014] FIG. 3 is a timing chart illustrating a program
operation of the OTP memory shown in FIG. 1;
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[0015] FIG. 4 is a timing chart illustrating an operation of
the OTP memory shown in FIG. 1 in test mode; and

[0016] FIG. 5 is a circuit diagram of the principal part of
an OTP memory according to a second embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0017] Embodiments of the present invention will be
described below with reference to the accompanying draw-
ings.

First Embodiment

[0018] FIG. 1 shows an OTP memory (nonvolatile semi-
conductor memory device) according to a first embodiment
of the present invention, using an e-fuse element (a semi-
conductor element having a MOS structure) as a storage
element. The OTP memory can be written with information
only once. Assume here that the OTP memory includes a
1024-bit (32 bitsx32 bits) cell array.

[0019] Referring to FIG. 1, the OTP memory includes a
cell array 10, a row decoder section 20 serving as a row
selection control circuit, a sense/data line control section 30,
a buffer/data register section 40, an internal potential gen-
eration circuit/logic circuit section 50, a voltage control
block 60 for controlling a voltage to be applied to a high
voltage generation circuit and each of components of the
OTP memory, and a test control circuit section 70 serving as
first and second activation circuits.

[0020] In the first embodiment, the sense/data line control
section 30 composes a test circuit including a write control
circuit and a read control circuit (read circuit), both of which
will be described later.

[0021] FIG. 2 shows the principal part of the OTP
memory shown in FIG. 1. More specifically, FIG. 2 shows
a basic arrangement of the cell array 10, row decoder section
20, test control circuit section 70, write control circuit 80 and
read control circuit 90. These are configured to conduct a test
on whether information can be written to/read from unpro-
grammed e-fuse elements by activating a protection transis-
tor (protection element) in test mode.

[0022] The cell array 10 includes a plurality of storage
cells (storage units) 11 arranged in matrix (32 bitsx32 bits)
as shown in FIG. 2. Each of the storage cells 11 has an
e-fuse element 12 with two terminals, a protection transistor
(p-type MOS transistor) 13 for decreasing a voltage (high
electric field) to be applied to the e-fuse element 12 in
unprogrammed state, and an n-type MOS transistor 14
serving as a selection transistor (selection switch) for con-
trolling a connection between each of the e-fuse element 12
and the protection transistor 13 and a data line DL
(DL<31:0>). The protection transistor 13 is connected in
parallel to the e-fuse element 12 and connected in series to
the n-type MOS transistor 14. These transistors are driven
complementarily to each other.

[0023] 1In each of the storage cells 11, the voltage control
block 60 applies a potential VBPDD to one of the terminals
(substrate, source and drain) of the e-fuse element 12 and
one of source and drain terminals of the protection transistor
13. The other terminal (gate) of the e-fuse element is
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connected to a node between the other terminal of the
protection transistor 13 and one of source and drain termi-
nals of the n-type MOS transistor 14.

[0024] The gate terminal of the n-type MOS transistor 14
is connected to its corresponding one of thirty-two word
lines (row selection lines) WL (WL<31:0>). The other of the
source/drain terminals of the n-type MOS transistor 14 is
connected to its corresponding one of thirty-two data lines
DL that intersect the word lines WL almost at right angles.

[0025] Of the storage cells 11 for 1024 bits arranged in
matrix, the storage cells 11 for every 32 bits arranged in row
direction are connected to a common word line WL. The
word line WL is driven by its corresponding one of row
decoder circuits (selectors) 21 that make up the row decoder
section 20. If one word line WL is driven by its correspond-
ing row decoder circuit 21, the storage cells 11 for 32 bits
connected to the word line WL are selected at the same time.

[0026] Similarly, the storage cells 11 for every 32 bits
arranged in column direction are connected to a common
data line DL. The data line DL is controlled by its corre-
sponding write control circuit 80 and read control circuit 90.
If one data line DL is controlled by its corresponding circuits
80 and 90, a desired storage cell 11 can be selected from the
storage cells 11 for 32 bits arranged in row direction.

[0027] The gate terminal of the protection transistor 13 is
connected to its corresponding one of thirty-two protection
element driving lines PL. (PL.<31:0>) that are arranged along
the word lines WL, respectively. Of the storage cells 11 for
1024 bits arranged in matrix, the storage cells 11 for every
32 bits arranged in row direction have protection transistors
13 connected to a common protection element driving line
PL. The protection element driving line PL is driven by its
corresponding one of selection driving circuits 71. The
circuits 71 make up the test control circuit section 70 and
each have an AND circuit.

[0028] A normal operation signal line AL for supplying a
normal operation signal is connected to one of input termi-
nals of each of the selection driving circuits 71. One of word
lines WL is connected to the other input terminal of each of
the selection driving circuits 71. In normal operation mode
such as information write (programming) mode and infor-
mation read (reading) mode, the above normal operation
signal is activated and so is a protection element driving line
PL corresponding to the selected (activated) word line WL
by the corresponding selection driving circuit 71. Thus, the
protection transistors 13 of the storage cells 11 for 32 bits
connected to the same protection element driving line PL are
all inactivated.

[0029] In normal operation mode, the protection element
driving lines PL. corresponding to word lines WL not
selected (activated) are inactivated by their respective selec-
tion driving circuits 71. Thus, the protection transistors 13 of
the storage cells 11 for 32 bits connected to the same
protection element driving line PL are all activated. In other
words, the protection transistors 13 are activated in the
storage cells 11 whose word line WL is inactive.

[0030] As described above, the source and drain terminals
of each of the protection transistors 13 are connected
between one terminal (substrate, source and drain) of the
e-fuse element 12 and the other terminal (gate). If, therefore,
the protection transistor 13 is activated, both the terminals of
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the e-fuse element 12 in a non-selected storage cell are
short-circuited and the voltage to be applied to the e-fuse
element 12 is decreased.

[0031] When a storage cell 11 is not selected (e.g., test
mode), or when no information is written or read, the above
normal operation signal is inactivated upon receipt of a test
signal TEST from an external tester, an internal controller
(not shown) and the like. Then, all the protection element
driving lines PL are inactivated by their respective selection
driving circuits 71. Accordingly, the protection transistors 13
are activated at the same time.

[0032] When the normal operation signal is active, the
protection element driving line PL. and word line WL
corresponding to each of the row decoder circuits 21 are
driven. When a storage cell 11 is selected, its corresponding
protection transistor 13 is always inactivated. On the other
hand, when the storage cell 11 is not selected, the protection
transistor 13 is always activated. This configuration can
inhibit a high voltage from being applied to the nonselected
(unprogrammed) e-fuse element 12 in write mode. It is thus
possible to suppress a reduction in the amount of informa-
tion of the e-fuse element 12, which is caused by coupling
due to parasitic capacitance.

[0033] When the normal operation signal is inactive (e.g.,
a test signal TEST is input), the protection transistor 13 is
always activated. When the protection transistor 13 is active,
both the terminals of the e-fuse element 12 are short-
circuited, and a potential VBPDD is applied to the other
terminal (gate) of the e-fuse element 12. This can be
considered to be a situation in which the gate insulating film
of the e-fuse element 12 is broken (the e-fuse element 12 is
programmed). For this reason, when the protection transistor
13 is active, a test on whether information can be read from
the e-fuse element 12 can be conducted before the informa-
tion is written thereto, if a power supply voltage VBT (an
intermediate potential of the word line WL in data read
mode) is applied to the gate terminal of the n-type MOS
transistor 14 in the selected storage cell 11.

[0034] Similarly, when the protection transistor 13 is
active, a test on whether information can be written to the
e-fuse element 12 can be conducted before the information
is written thereto, if a potential VBPDD is set at a high
potential VBP (a high voltage that exceeds the maximum
rating of the e-fuse element 12) in the selected storage cell
11.

[0035] The row decoder section 20 includes a plurality of
row decoder circuits 21 (thirty-two row decoder circuits in
the first embodiment). The row decoder circuits 21 are
provided for their respective word lines WL. A plurality of
(at least four) row address lines LL are connected to each of
the row decoder circuits 21. Each of the row decoder circuits
21 drives its corresponding word line WL in response to a
row address signal ADD <4:0> that is supplied through the
row address lines LL. The voltage control block 60 applies
a potential VBPBT to the row decoder section 20, as shown
in FIG. 1.

[0036] The sense and data line control section 30 is made
up chiefly of the write control circuit 80 and the read control
circuit 90. These circuits 80 and 90 are provided for each of
data lines DL, as shown in FIG. 2. The read control circuit
90 is a sense amplifier (SA) that senses information (e.g.,
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voltage value) read onto the data line DL from the storage
cells 11 by comparing it with a reference value Ref gener-
ated from a reference potential generation circuit 91. The
write control circuit 80 precharges the data line DL and
programs a desired storage cell 1 with information (applies
a stress). When write data of data input signal DI is “1,” the
write control circuit 80 controls its corresponding data line
DL such that its voltage becomes low. Of the data lines DL
precharged with a high voltage, data lines connected to
storage cells 11 that are to be written with data “1” are
discharged at once. Information can thus be written at once
to the storage cells 11 for 32 bits arranged in row direction.

[0037] The buffer and data register section 40 is used to
transfer data between an external device and each of the
sense/data line control section 30 and the internal potential
generation circuit/logic circuit section 50. As shown in FIG.
1, the section 40 controls data input signal DI <31:0> and
data output signal DO <31:0>.

[0038] As illustrated in FIG. 1, the internal potential
generation circuit/logic circuit section 50 receives various
control signals from a controller (not shown) to generate a
new control signal and an internal potential used for con-
trolling the read control circuit 90.

[0039] As illustrated in FIG. 1, the voltage control block
60 includes a power supply circuit that generates and
supplies a potential VBPDD and a potential VBPBT. The
voltage control block 60 controls the potential VBPDD such
that it is set at a potential VBP (a high voltage that exceeds
the maximum rating of the e-fuse element 12) in program-
ming mode, it is set at a power supply voltage VDD in data
read mode, and it is set at OV in standby mode. The voltage
control block 60 also controls the potential VBPBT such that
it is set at a potential VBP (a high voltage that exceeds the
maximum rating of the e-fuse element 12) in programming
mode, it is set at a power supply voltage VBT in data read
mode (an intermediate potential of the word line WL in read
mode), and it is set at OV in standby mode.

[0040] In the first embodiment, the potential VBPDD is
applied to all the storage cells 11 in programming mode and
thus the high potential VBP is also applied to a non-selected
storage cell 11 that is not to be programmed. However, the
activation of the protection transistor 13 prevents the high
potential VBP from being applied to both terminals of the
e-fuse element 12 in the non-selected storage cell 11.

[0041] When the protection transistor 13 is active, a data
read operation is performed to conduct a pseudo-test on the
same condition of the unprogrammed e-fuse element 12 as
that of the element 12 that has been programmed. If the
protection transistor 13 is activated, information different
from information actually stored in the e-fuse element 12
can be read out as if the gate insulating film of the e-fuse
element 12 were broken. It is thus possible to conduct a test
on whether information can be written to or read from the
e-fuse element 12 without actually writing the information
to the e-fuse element 12.

[0042] FIG. 3 shows operation timing of the OTP memory
described above. The data write operation (programming
operation) of the OTP memory will be described briefly with
reference to FIG. 3. In the OTP memory, a power supply
system (not shown) supplies at least three power supply
voltages: a power supply voltage VDD of a logic circuit or
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the like, an intermediate potential VBT used for controlling
the word line WL to transfer information of the e-fuse
element 12 with efficiency in data read mode, and a high
potential VBP for breaking the gate insulating film of the
e-fuse element 12.

[0043] When the e-fuse element 12 is programmed, a
normal operation signal to be supplied to the normal opera-
tion signal line AL is activated as shown in FIG. 3. Then, the
word line WL and data line DL corresponding to a storage
cell 11 to which information is written are activated. In other
words, one word line WL corresponding to an externally
input row address signal ADD <4:0> is driven by its
corresponding row decoder circuit 21. As the word line WL
is activated, its corresponding protection element driving
line PL is activated by the selection driving circuit 71. All
the protection transistors 13 connected to the same protec-
tion element driving line PL are therefore inactivated when
the e-fuse element 12 is programmed.

[0044] If, in this state, a high potential VBP is applied to
the selected storage cell 11 to break the gate insulating film
of the e-fuse element 12, information is written thereto.
Since the protection transistors 13 of non-selected storage
cells 11 are activated, the voltage to be applied to the
non-selected e-fuse elements 12 can be decreased.

[0045] Similarly, an intermediate potential VBT is applied
to a selected storage cell 11 in read mode to read informa-
tion.

[0046] FIG. 4 shows the operation timing of the OTP
memory described above. A test on whether data can be read
from/written to the unprogrammed e-fuse element will be
described briefly with reference to FIG. 4. For example,
when a test on whether data can correctly be read from the
unprogrammed e-fuse element without actually writing
information thereto is conducted, the normal operation sig-
nal of a normal operation signal line AL is inactivated upon
receipt of a test signal TEST. Thus, all the protection element
driving lines PL are inactivated irrespective of the state of
the corresponding word line WL. Accordingly, all the pro-
tection transistors 13 connected to the protection element
driving lines PL are activated.

[0047] If a normal read operation is performed in the
above state, a selected storage cell 11 supplies a data line DL,
with information other than the actually stored information.
In other words, an output signal (e.g., a high voltage or a
large current corresponding to the intermediate potential
VBT) is supplied to the data line DL as if the gate insulating
film of the e-fuse element 12 were broken. If, therefore, the
output signal is captured through, e.g., the read control
circuit 90, the controller can conduct a pseudo test on
whether information can be read out of the unprogrammed
e-fuse element 12.

[0048] Similarly, when a test on whether information can
be written correctly to the unprogrammed e-fuse element
without actually writing the information thereto is con-
ducted, a normal program is executed while all the protec-
tion transistors 13 are active. A selected storage cell 11
supplies a data line DL with information other than the
actually stored information. In other words, an output signal
(e.g., a high voltage or a large current corresponding to the
high potential VBP) is supplied to the data line DL as if the
gate insulating film of the e-fuse element 12 were broken. If,
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therefore, the output signal is captured through, e.g., the read
control circuit 90, the controller can conduct a pseudo test on
whether data can be written to the unprogrammed e-fuse
element 12.

[0049] When the protection transistor 13 is active, an
output signal appearing on a data line DL is detected (to
discriminate between O and 1). In data read test mode, a
pseudo test on whether information can be read out of the
e-fuse element 12 can be conducted in accordance with
whether a voltage VBT necessary for reading the informa-
tion is applied to the unprogrammed e-fuse element 12.
Similarly, in data write test mode, a pseudo test on whether
information can be written the e-fuse element 12 can be
conducted in accordance with whether a voltage VBP nec-
essary for writing the information is applied to the unpro-
grammed e-fuse element 12.

[0050] As described above, a signal can be output from the
unprogrammed e-fuse element as if the gate insulating film
of the e-fuse element were broken. In other words, in test
mode, a signal is output from a storage cell when a voltage
corresponding to reading is applied to the e-fuse element or
when a voltage corresponding to writing is applied to the
e-fuse element. Information other than information actually
stored in the unprogrammed e-fuse element can be read out.
A pseudo test on whether information can be written to and
read from the e-fuse element without actually writing infor-
mation to the e-fuse element can easily be conducted.

Second Embodiment

[0051] FIG. 5 shows the principal part of an OTP memory
(nonvolatile semiconductor memory device) according to a
second embodiment of the present invention, which uses an
e-fuse element as a storage element. In this OTP memory,
the operating point (reference value Ref serving as a thresh-
old value) of a sense amplifier in a read control circuit 90 can
be changed. The same components as those of FIG. 2 are
denoted by the same reference numerals and their detailed
descriptions are omitted.

[0052] According to the second embodiment, three or
more resistance elements are connected in series to form a
reference potential generation circuit (threshold value gen-
eration circuit) 92, as shown in FIG. 5. The reference
potential generation circuit 92 has two or more different set
values. One of the set values is selected by a selection switch
93. The selection switch 93 is controlled in accordance with
the status of a normal operation signal in a normal operation
signal line AL.

[0053] When the normal operation signal is active, the
selection switch 93 selects a first set value obtained by
dividing a power supply voltage VDD. The selected first set
value is supplied to the read control circuit 90 as a reference
value Ref. In normal read mode, therefore, a sense operation
is performed using the first set value as the reference value
Ref (to discriminate between 0 and 1).

[0054] When the normal operation signal is inactive, the
selection switch 93 selects a second set value other than the
first set value. The second set value, which is obtained by
dividing the power supply voltage VDD, is selected in
response to a test signal TEST supplied to the normal
operation signal line AL. In test mode, therefore, a sense
operation is performed using the second set value as the
reference value Ref (to discriminate between 0 and 1).
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[0055] According to the second embodiment described
above, in test mode, not only tests on whether data can be
read from and written to the unprogrammed e-fuse element
12 are conducted, but also a threshold value serving as a
reference value to discriminate between O and 1 can be
changed. It is thus possible to conduct these tests at different
request levels. If the second set value is larger than the first
set value, a criterion for discrimination becomes strict and
thus a test that satisfies a high-level request can be con-
ducted. On the other hand, if the second set value is smaller
than the first set value, the criterion is reduced and thus a test
that satisfies a low-level request can be conducted.

[0056] Inboth the first and second embodiments described
above, an e-fuse element of a conductive film breakdown
type as well as an insulating film breakdown type can be
used as a storage element that is programmed with infor-
mation by varying electrical properties irreversibly.

[0057] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the specific
details and representative embodiments shown and
described herein. Accordingly, various modifications may be
made without departing from the spirit or scope of the
general inventive concept as defined by the appended claims
and their equivalents.

What is claimed is:
1. A nonvolatile semiconductor memory device compris-
ing:
a storage element which is programmed with information
by varying electrical properties irreversibly;

a selection switch connected in series to the storage
element;

a protection element connected in parallel to the storage
element to protect the storage element from irreversible
variations of electrical properties when the storage
element is unprogrammed;

a first activation circuit which activates the selection
switch;

a second activation circuit which activates the protection
element in complement with the first activation circuit
in normal mode; and

a test circuit which conducts a test on the storage element
while the second activation circuit is activating the
protection element together with the first activation
circuit in test mode.

2. The nonvolatile semiconductor memory device accord-
ing to claim 1, wherein the storage element is an electrical
fuse element of an insulating film breakdown type to which
information is written only once by breaking an insulating
film by applying a voltage to the insulating film.

3. The nonvolatile semiconductor memory device accord-
ing to claim 1, wherein the storage element is an electrical
fuse element of a conductive film breakdown type to which
information is written only once by breaking a conductive
film by applying a voltage to the conductive film.

4. The nonvolatile semiconductor memory device accord-
ing to claim 1, wherein the test circuit includes:

a read circuit connected to the storage element to deter-
mine whether the storage element is programmed; and
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a threshold value generation circuit which supplies the
read circuit with a threshold value for determination,
the threshold value generation circuit changing the
threshold value for determination in the test mode.

5. The nonvolatile semiconductor memory device accord-
ing to claim 1, wherein the protection element decreases a
voltage to be applied to the storage element when the storage
element is unprogrammed.

6. The nonvolatile semiconductor memory device accord-
ing to claim 5, wherein the storage element is an electrical
fuse element of an insulating film breakdown type to which
information is written only once by breaking an insulating
film by applying a voltage to the insulating film.

7. The nonvolatile semiconductor memory device accord-
ing to claim 5, wherein the storage element is an electrical
fuse element of a conductive film breakdown type to which
information is written only once by breaking a conductive
film by applying a voltage to the conductive film.

8. The nonvolatile semiconductor memory device accord-
ing to claim 1, wherein the test circuit conducts a test on the
storage element without actually writing information to the
storage element that is unprogrammed.

9. The nonvolatile semiconductor memory device accord-
ing to claim 8, wherein the test circuit includes:

a read circuit connected to the storage eclement to deter-
mine whether the storage element is programmed; and

a threshold value generation circuit which supplies the
read circuit with a threshold value for determination,
the threshold value generation circuit changing the
threshold value for determination in the test mode.

10. A nonvolatile semiconductor memory device com-

prising:

a cell array including a plurality of storage cells arranged
in matrix, each of the storage cells having a storage
element which is programmed with information by
varying electrical properties irreversibly, a selection
switch connected in series to the storage element, and
a protection element connected in parallel to the storage
element to protect the storage element from irreversible
variations of electrical properties when the storage
element is programmed;

a row selection control circuit which activates row selec-
tion lines to each of which a given number of storage
cells are connected;

a first activation circuit which activates the selection
switch of the given number of storage cells connected
to each of the row selection lines activated by the row
selection control circuit;

a second activation circuit which activates the protection
elements in complement with the first activation circuit
in normal mode; and

a test circuit which conducts a test on the storage element
of each of the given number of storage cells connected
to each of the row selection lines while the second
activation circuit is activating the protection elements
together with the first activation circuit in test mode.

11. The nonvolatile semiconductor memory device

according to claim 10, wherein the storage element is an
electrical fuse element of an insulating film breakdown type
to which information is written only once by breaking an
insulating film by applying a voltage to the insulating film.
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12. The nonvolatile semiconductor memory device
according to claim 10, wherein the storage element is an
electrical fuse element of a conductive film breakdown type
to which information is written only once by breaking a
conductive film by applying a voltage to the conductive film.

13. The nonvolatile semiconductor memory device
according to claim 10, wherein the test circuit includes:

a read circuit connected to the storage element to deter-
mine whether the storage element is programmed; and

a threshold value generation circuit which supplies the
read circuit with a threshold value for determination,
the threshold value generation circuit changing the
threshold value for determination in the test mode.

14. The nonvolatile semiconductor memory device
according to claim 10, wherein the protection element
decreases a voltage to be applied to the storage element
when the storage element is unprogrammed.

15. The nonvolatile semiconductor memory device
according to claim 14, wherein the storage element is an
electrical fuse element of an insulating film breakdown type
to which information is written only once by breaking an
insulating film by applying a voltage to the insulating film.

16. The nonvolatile semiconductor memory device
according to claim 14, wherein the storage element is an
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electrical fuse element of a conductive film breakdown type
to which information is written only once by breaking a
conductive film by applying a voltage to the conductive film.

17. The nonvolatile semiconductor memory device
according to claim 10, wherein the test circuit conducts a test
on the storage element without actually writing information
to the storage element that is unprogrammed.

18. The nonvolatile semiconductor memory device
according to claim 17, wherein the test circuit includes:

a read circuit connected to the storage eclement to deter-
mine whether the storage element is programmed; and

a threshold value generation circuit which supplies the
read circuit with a threshold value for determination,
the threshold value generation circuit changing the
threshold value for determination in the test mode.

19. The nonvolatile semiconductor memory device
according to claim 10, wherein the protection elements of
the given number of storage cells connected to each of the
row selection lines activated by the row selection control
circuit are inactivated in non-test mode.



